Background: Postpartum haemorrhage is a leading cause of maternal morbidity and mortality worldwide. Identifying risk indicators for postpartum haemorrhage is crucial to predict this life threatening condition. Another major contributor to maternal morbidity and mortality is pre-eclampsia. Previous studies show conflicting results in the association between preeclampsia and postpartum haemorrhage. The primary objective of this study was to investigate the association between pre-eclampsia and postpartum haemorrhage. Our secondary objective was to identify other risk indicators for postpartum haemorrhage in the Netherlands.
Introduction
Postpartum haemorrhage (PPH) accounts for 25-35% of all maternal deaths worldwide. [1, 2] Unfortunately, varying definitions exist. The World Health Organization defines PPH as blood loss $500 ml in the first 24 hours after delivery, although in high resources settings a definition of $1000 ml blood loss seems more suitable. [3] [4] [5] [6] Main causes of PPH are uterine atony, retained placenta, maternal soft tissue trauma and coagulopathy. [7] [8] [9] Even though in high income countries the maternal mortality ratio is much lower than in low income countries, still 13% results from PPH. [2] Because of low maternal mortality ratios severe acute maternal morbidity has gained interest as a new quality indicator of obstetric care. In a nationwide cohort study in the Netherlands the incidence of major obstetric haemorrhage was 4.5 per 1000 deliveries and the case fatality rate was 1:201 (0.5%). [10] Prevention and management of PPH is crucial in order to reach the fifth Millennium Developmental Goal to reduce maternal mortality ratios with 75% by 2015. [1] This emphasises the importance of identifying specific risk indicators, such as previous PPH, multiple pregnancies, macrosomia, induction of labour, prolonged labour, operative vaginal deliveries and caesarean section. [8, [11] [12] [13] [14] [15] [16] [17] [18] Another major contributor to maternal death and morbidity is pre-eclampsia (PE), complicating 2-8% of pregnancies worldwide and 2-5% in high resource countries. [2, 19, 20] While multiple studies investigated PE as one of many risk indicators for PPH [8, 11, 12, 15, 16, 21, 22] only one study focused primarily on the association between PE and PPH. [21] This is conceivable considering its multifactorial pathogenesis, where angiogenic factors, endothelial dysfunction and impaired uteroplacental blood flow result in hypertension and coagulation abnormalities. [23] Clarification of the association between the two most important causes of maternal mortality and morbidity will help improve their prevention and management. Therefore, our objective was to investigate the association between PE and PPH. Our secondary objective was to determine the prevalence and risk indicators for PPH among pregnant women in the Netherlands.
Materials and Methods

Database
We used data from the Netherlands Perinatal Registry, a linked nationwide registry that includes maternal, obstetric, postpartum and neonatal information of each delivery from January 2000 until January 2008. [24] [25] [26] Approximately 96% of all births in the Netherlands are entered into this registry.
Definitions
Main outcome measure, PPH, was defined as blood loss of $1000 ml in the 24 hours following delivery. PE was defined as a minimum diastolic blood pressure of 90 mmHg with the presence of proteinuria after 20 weeks of gestation, according to the recommendation of the International Society for the Study of Hypertension in Pregnancy. [27] The registration form contains a field for maximum diastolic blood pressure and an option for proteinuria "yes" or "no" with a field for the amount of proteinuria. The definition of PE was based on the presence of proteinuria rather than $0.3 g/day, since 24.0% of women with proteinuria had a missing field for "amount of proteinuria". Women in primary care are referred to secondary care if proteinuria is present or diastolic blood pressure is over 95 mmHg or if the combination of more than 90 mmHg with complaints exists. In primary care all women with a diastolic blood pressure of 90 mmHg are checked more frequently and controlled for proteinuria according to existing guidelines. [28] In addition we defined severe PE as eclampsia or PE with blood pressure $110 mmHg or proteinuria $5 grams or gestational age of less than 32 weeks.
Characteristics
We evaluated maternal, pregnancy, labour and postpartum characteristics. Maternal characteristics included age at the time of delivery, categorised into six groups: ,20, 20-24, 25-29, 30-34, 35-39 or $40 years. Parity was grouped as either nulliparous, parous (para 1-4), or grand multiparous (para $5). Ethnicity included the categories European descent and non-European descent, in which the options Dutch and other European represented the European descent group. Socioeconomic status was categorised into high, middle or low by using mean household income levels of a neighborhood, which was determined with the first four digits of the postal code, using data from the Netherlands Institute for Social Research. [29] Pregnancy characteristics were multiple pregnancy (defined as "yes" or "no"), and gestational age, categorised as early preterm (#31 weeks), late preterm (32-36 weeks), term (37-41 weeks) or post term ($42 weeks) birth.
Labour characteristics included fetal presentation, defined as vertex, breech or other (transverse, face and other presentations). Onset of labour was defined as whether or not induction or elective caesarean section was performed. Furthermore, duration of ruptured membranes was grouped as , or $12 hours. We defined augmented labour as "yes" or "no" and prolonged expulsive phase of labour as , or $60 minutes. Mode of delivery was categorised as spontaneous delivery, assisted vaginal delivery (vacuum, forcipal or breech extraction), elective (planned) or emergency (unplanned) caesarean section. In the Netherlands, caesarean sections are recorded differently (planned/unplanned) compared to other countries (elective/emergency). Our system is based on an intention to treat mechanism, implying that a woman is identified as planned (elective) if she was intended to deliver by caesarean, even if she presents in labour. [30] Genital tract injury was defined as perineal tear, episiotomy or both. First degree perineal tears were not classified as genital tract injury. We classified the use of anaesthetics hierarchically, considering the possibility of receiving different types during delivery. Options were: no or primary care medication (non-opioid analgesics and sedatives), opioids, epidural during labour, epidural or spinal anaesthesia at caesarean section or general anaesthesia. If a woman had been given multiple options she was assigned to the highest category.
Postpartum characteristics consisted of manual placenta removal ("yes" or "no") and birth weight, categorised into #999, 1000-1999, 2000-2999, 3000-3999 or $4000 gram.
Statistical analysis
Contingency tables were created to assess frequencies and percentages of the characteristics and the main outcome measure among women with and without PE. Differences were tested with x 2 -statistics. The characteristics of the excluded women with missing values on PE or PPH were investigated. Univariable logistic regression analysis was performed on all characteristics to identify risk indicators for PPH. The reference category of each variable represented the largest number of women in the population.
The association between (severe) PE and PPH was studied with uni-and multivariable logistic regression, adjusting for maternal age, parity, ethnicity, socioeconomic status, multiple pregnancy, and gestational age. All these indicators have a pathofysiologic explanation for confounding the association of PE with PPH. [31, 32] We also assessed presence of effect modification between multiple pregnancy and PE using the likelihood-ratio test.
Even though mode of delivery and induction of labour are important variables in the association of PE and PPH, they are intermediate factors in the causal pathway of the association and were therefore not considered as confounders. [31, 32] For that reason we performed subgroup analysis on women with noninduced spontaneous delivery and investigated the other subgroups for the association between PE and PPH [33] .
Seeing an increasing trend of PPH over time the International Postpartum Hemorrhage Collaborative Group recommends countries to publish its yearly prevalence. [6, 17, 18 ,34] Also the prevalence of PE has been shown to increase, therefore we analysed yearly prevalences of both PE and PPH. [20] We performed Cochran-Armitage and Jonckheere-Terpstra tests to evaluate possible trends.
Statistical analysis was performed using SAS (version 9.3; SAS Institute, Cary, NC).
Ethics statement
The presented data are anonymised and cannot be related to individual women. The privacy committee of the Netherlands Perinatal Registry approved this study. Further consent and ethical approval is not needed in the Netherlands for this type of study.
Results
During our study period 1 621 053 women delivered above 19 completed weeks of gestation. After excluding missing values our study population comprised 1 457 576 women (excluded were 108 478 missing PE, 47 885missing PPH and 7 114 missing PE and PPH; respectively 6.7%, 2.9% and 0.4% of the total population). Tables 1, 2 , and 3 show the prevalence of maternal, pregnancy, labour and postpartum characteristics among all women and women with and without PE or PPH, together with corresponding odds ratios (ORs) for PPH.
Overall prevalence of PE was 2.2%. Women with PE were more often nulliparous, had more often multiple pregnancies and had lower gestational age at birth (table 1) . Furthermore, women with PE more often had elective caesarean section, induction and/ or augmentation of labour, a shorter expulsive phase and less often delivered spontaneously (table 2) . The groups also differed significantly in genital tract injury, anaesthetic use and manual placenta removal (tables 2 and 3).
In our study population 4.3% of the women suffered from PPH (table 1) . From the 31 560 women with PE 2 347 (7.4%) developed PPH, compared to 60 517 (4.2%) from the 1 426 016 women without PE (OR 1.81; 95% CI 1.74 to 1.89, p,0.001). Table 1 . Maternal and pregnancy characteristics of the study population (n = 1.457.576) and the association between these characteristcs and postpartum haemorrhage. test between pre-eclampsia and no pre-eclampsia, P # 0.0001. X 2 test between pre-eclampsia and no pre-eclampsia,, P = 0.01. doi:10.1371/journal.pone.0081959.t001 Table 2 . Labour characteristics of the study population (n = 1.457.576) and the association between these characteristcs and postpartum haemorrhage. The group women with missing values for PE contained more PPH (6.6% compared with 4.3% in the total population), while missing values for PPH showed slightly more PE (2.5% compared with 2.2% in the total population). Investigating the missing values showed no clear tendency for either PPH or PE. Therefore missing data is not expected to be adherent to either the exposure or the outcome measure; the missing data is assumed to be randomly distributed [35] Table 4 shows the adjusted association between PE and PPH in all women and in a subgroup of women with non-induced spontaneous delivery. Univariably, PE increased the risk of PPH 1.81 fold (95% CI 1.74 to 1.89). After adjustment for confounders we observed a slightly lower but still statistically significant increased risk for PPH (OR 1.53, 95% CI 1.46 to 1.60). In this model non-European descent ethnicity and low socioeconomic status lost their statistical significance. In the subgroup analysis of women with non-induced spontaneous delivery PE increased the risk for PPH (adjusted OR 1.91, 95% CI 1.71 to 2.13; other subgroup analyses are shown in footnotes table 4). Distinguishing the severity of PE showed women with mild PE have a higher increased risk for PPH (adjusted OR 1.67; 95% CI 1.58 to 1.77) than women with severe PE (adjusted OR 1.32; 95% CI 1.23 to 1.42), while the subgroup of non-induced spontaneous deliveries showed reversed results (mild PE, adjusted OR 1.76, 95% CI 1.55 to 2.01; severe PE, adjusted OR 2.36; 95% CI 1.92 to 2.88).
We found no evidence of effect modification between PE and multiple pregnancy. Figure 1 and 2 show the yearly percentages of PE (total, mild and severe) and PPH. There is a statistically significant increase of PE (P,0.0001) and PPH (P,0.0001) over time. We observed a rising trend of mild PE, while the proportion of severe PE gradually declined (P,0.0001).
Discussion
Principal findings
Our study shows an adjusted 1.53 fold increased risk (95% CI 1.46 to 1.60) for developing PPH in women with PE.
Women with PE were more often older, nulliparous, had multiple pregnancies, a lower gestational age and a lower socioeconomic status. These indicators are also associated with increased risk for PPH, which could explain a slight decrease in risk for PPH after adjustment for confounders. [8, [11] [12] [13] [14] [15] 22, [36] [37] [38] [39] Remarkably non-induced women with PE who delivered vaginally revealed an even stronger adjusted association with PPH (adjusted OR 2.29, 95% CI 2.06 to 2.55). Except for women undergoing elective caesarean section all other subgroups showed women with PE had an increased risk for PPH, suggesting the association is independent for onset of labour or mode of delivery. The observed shift in risk when assessing the severity of PE could indicate a positive side-effect in the management of PE; induction possibly reduces the risk for PPH in women with severe PE.
Our nationwide study population had a prevalence of 2.2% for PE and 4.3% for PPH, similar rates are seen internationally (United States [20] , Canada [17, [40] [41] [42] , Scandinavia [43] [44] [45] , United Kingdom [46] , Australia [47, 48] ). A worrying finding is the rising trend of both PE and PPH. The increase in PE could be explained by a rising prevalence of risk indicators for PE, e.g. high body mass index, hypertension, diabetes mellitus, high maternal age. [17, 18, 20, 34, 49] The decreasing trend of severe PE may be attributed to a more aggressive management of PE over the years. The increase in PPH has been studied in many other high resource countries. [6, 17, 18 ,34] They state this finding could be explained by an increase in risk indicators (e.g. maternal age, multiple pregnancies, induction of labour, caesarean section). However adjustment for these indicators did not explain the observed trend. Table 3 . Postpartum characteristics of the study population (n = 1.457.576) and the association between these characteristcs and postpartum haemorrhage. [17, 18, 34] Another possibility could be an increasing awareness for PPH with subsequently better recognition and registration.
Strengths and weaknesses of the study
A strength of this study is the large population based database with a nationwide and near complete inclusion of all deliveries with detailed information on maternal, pregnancy, labour and postpartum characteristics. Despite the retrospective design data were prospectively collected. To our knowledge this is the largest cohort study on the relation between PE and PPH.
Another positive aspect of this study is the fact that our definitions for PE and PPH are not based on International Classification Disease (ICD) codes. Inaccuracies may occur when translating definitions to ICD-codes, since they are not thoroughly defined. ICD-codes neglect to take amount of blood loss, blood pressure or amount of proteïnuria into account, while diseases may be defined differently between countries, regions or even hospitals.
[6] Therefore registration is not unified and coding might be subject to clinical interpretation of the clinician. This also presents our first limitation of the study. Even though our definition is derived from obligated objective items, we had to base the definition of PPH on estimation of blood loss by the caregiver, either weighted or visual. Visual estimation has been shown to underestimate blood loss, suggesting a higher prevalence of PPH than the observed 4.3%. [5, 50, 51] Furthermore, our overall definition of PE was based on the presence of proteinuria rather Table 4 . Multivariate analysis on the association between pre-eclampsia and postpartum haemorrhage and subgroup of women with non-induced spontaneous delivery. than a measured amount. Since dipstick urinalysis of protein is not 100% accurate, [52] we performed a sensitivity analysis in women with a known amount of proteinuria, now defining PE with the amount of proteinuria instead of the presence ($0.3 g/day). This showed robustness of our findings (adjusted OR 1.49; 95% CI 1.42 to 1.57). Caution is justified in interpreting our results based on severity of PE. As there is a high percentage of missing values for proteinuria some severe PE cases could have been misclassified as mild. Yet other studies show similar results in the observed trends. [20] Another limitation is the 6.7% women whose information on PE was missing. Characteristics of these women did not clearly correspond to either the PE or the non-PE group. A biased estimation of the association between PE and PPH is not expected, as complete case analysis with adjustment for covariates covering randomly distributed missing data (MAR), has been shown to estimate unbiased results. [35] The perinatal registry does not contain valid or complete information on body mass index, previous PPH, previous caesarean section and certain medical disorders (e.g. coagulopathy, diabetes mellitus, cardiovascular diseases). These risk indicators have an increased risk for PE, PPH or both, therefore possibly confounding the observed association. [8, 11, 19, 53] However the role of body mass index on PPH is not clear yet. [54] Another possible and not registered confounder is magnesium sulphate, since it could, hypothetically, increase blood loss by vasodilatation, a tocolytic effect predisposing to uterine atony, prolonged bleeding time through platelet activity inhibition and red cell deformity and it is used in the Netherlands for the management of (pre-) eclampsia (as prevention in severe PE women (defined as blood pressure $110 mmHg diastolic or $110 mmHg systolic or proteinuria $5 grams or the presence of symptoms prognostic for eclampsia) or as treatment in women with eclampsia). Rouse et al determined an increased risk for PPH in hypertensive disorders which disappeared after correction for magnesium sulphate. [55] However a recent published systematic review showed no significantly increased risk for PPH. [56] Findings in relation to other studies Association pre-eclampsia and postpartum haemorrhage. Most other studies evaluate multiple risk indicators for PPH, in which PE is one of many. Results are however inconsistent, varying from no significant association after adjustment for confounders to a two to five fold increased risk [8, 11, 12, [14] [15] [16] 22, 37, 38, 55, 57] . Nevertheless, results are difficult to compare since various definitions for PPH are used in combination with different ways to estimate blood loss values. Only one study focused on the relation of PE and PPH. In a cohort study of 315 085 singleton pregnancies, Eskild et al showed an increased risk for PPH in women with PE ($500 ml blood loss, OR 1.94 95% CI 1.87 to 2.02 and for $1500 ml blood loss OR 2.20, 95% CI 1.99 to 2.45) [21] . Similar results were found in nulliparous women with a vaginal mode of delivery. However they did not adjust for age, ethnicity, gestational age or socioeconomic status. Neither did they evaluate subgroups of women with and without induction of labour.
Other risk indicators for postpartum haemorrhage. Comparing our findings with other studies apart from PE as risk indicator, we see similar increased risks for older women, multiple pregnancy, birth weight $4000 grams, prolonged ruptured membranes and prolonged expulsive phase. [8, [11] [12] [13] [14] [15] [16] 22, [36] [37] [38] [39] 58] In contrast with other studies, only great grand multiparas (para $10) had an increased risk for PPH (OR 1.57, 95% CI 1.12 to 2.20) when compared with multiparas (para 1-4). Other studies showed similar results, suggesting a possible linear relationship. [8, 59, 60] An unexpected finding was the decreased risk for PPH after emergency caesarean sections. Other studies showed increased risks, which is more likely since this group often suffers from predisposing indicators for PPH, such as prolonged labour. [8, 15, 37, 57, 61] Possibly, emergency caesarean sections were misclassified as elective due to the intention to treat reporting of caesarean deliveries in the Netherlands. [30] In addition, PPH may be underreported in caesarean sections, [62] which can be expected more often in emergency situations. This could have confounded the risk of PPH in preeclampsia in our total group of women, however, the increased risk persisted in the subgroupanalysis of women who had non-induced spontaneous deliveries.
Meaning of the study
This study indicates a strong relationship between the two most important causes of maternal mortality and morbidity worldwide: PE and PPH. This is an important finding in relation to the alarming notion that there is a rising incidence of both PE and PPH. Even though this study shows an efficient management for PE, the rising overall prevalence of PE and PPH indicates these problems have not been resolved. [17, 18, 20, 34] Optimising prevention and management of these conditions continues being of utmost importance. A higher awareness is indicated during the third stage of labour in a women with PE. Also other preventive and therapeutic measures should be considered, such as easy access to second-line uterotonics, materials for tamponade and packed cells.
Considering the complexity of PE with vascular changes and hemoconcentration in conjunction with the consequences of PPH leading to transfusion, embolisation or surgery, a combination of these two conditions forms a strong indication for a multidisciplinary approach, consisting of obstetric, anaesthetic, radiological and internal support.
Future research
The most important question arising while studying the literature was the variation in risk of indicators for PPH. This can be attributed to the heterogeneity of all studies on PPH, consisting of varying study populations, definitions and statistical analyses performed. A uniform research definition is important to create comparable studies on PPH. With more homogenous studies prediction models for PPH could be formed, from which clinical implications can be drawn. Future research should therefore be on a universally acceptable definition and on prediction models for PPH with internal and external validations.
Further research in the pathogenesis of PE is also important in discerning the association of PE and PPH.
Finally, the observed trends in both PE and PPH should be investigated more detailed to discern whether the Dutch nationwide data can explain these discomforting findings. A study investigating trends for PPH in the Netherlands is currently in production.
Conclusions
In conclusion, our study shows an association between PE and PPH; women with PE have a 1.53 fold increased risk for PPH in the Netherlands. Clinicians should be aware of this increased risk and use this knowledge in the management of PE and the third stage of labour in order to reach the fifth Millennium Developmental Goal.
